Introduction {#sec1}
============

Sepsis is an aggressive and life-threatening medical condition caused by a dysregulated host response to severe infection. Acute kidney injury (AKI) is one of the most serious complications of sepsis, and it occurs in about 50%--60% of the affected patients.[@bib1] Several studies indicate that early diagnosis may provide better opportunities for a timely intervention.[@bib2]^,^[@bib3] Hence, the development of reliable biomarkers is very important for the early diagnosis of septic AKI. In the past decades, several protein biomarkers, including the soluble form of the triggering receptor expressed on myeloid cells 1 (TREM-1), tissue inhibitor metalloproteinase-2 (TIMP-2), insulin-like growth factor binding protein-7 (IGFBP7), kidney injury molecule-1(KIM-1), netrin-1, and neutrophil gelatinase-associated lipocalin (NGAL), have demonstrated some diagnostic value for septic AKI.[@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9] More recently, long noncoding RNAs (lncRNAs) have been recognized as a new, promising class of biomarkers in the diagnosis of various human diseases.[@bib10]^,^[@bib11]

lncRNAs compose a group of RNA molecules (longer than 200 nt) that can act as a competing endogenous RNA (ceRNA) to control microRNA (miRNA) activity.[@bib12] Interestingly, some studies have suggested that circulating lncRNAs could be regarded as a biomarker for sepsis-related conditions.[@bib13]^,^[@bib14] Still, it is not fully clear whether circulating lncRNAs could be utilized as putative early biomarkers of septic AKI.

In the current study, we have discovered that circulating and urinary lncRNA TCONS_00016233 is a diagnosis biomarker of septic AKI patients. *In vitro* assays suggest that induction of TCONS_00016233 can regulate apoptosis-inducing factor mitochondrion-associated 1 (AIFM1) expression to further increase renal cell apoptosis via sponging miRNA (miR)-22-3p. Finally, overexpression of TCONS_00016233 aggravated the lipopolysaccharide (LPS)- and cecal ligation and puncture (CLP)-induced septic AKI by targeting the miR-22-3p/AIFM1 axis. Collectively, our data indicate that TCONS_00016233 may not only serve as an early diagnosis marker but also as a mediator of septic AKI progression.

Results {#sec2}
=======

Plasma TCONS_00016233 Is Induced in Septic AKI and Non-AKI Patients {#sec2.1}
-------------------------------------------------------------------

To investigate the expression of circulating lncRNAs, total RNA was, respectively, isolated from septic AKI (n = 15) and non-AKI (n = 15) patients and from healthy, age-matched controls (n = 15). RNA samples, from each respective group, were then mixed to perform a lncRNA chip assay. The clinical characteristics of the whole cohort of AKI patients (n = 15) are shown in [Table 1](#tbl1){ref-type="table"}. A representative lncRNA heatmap is shown in ([Figure 1](#fig1){ref-type="fig"}A). A total of 881 and 332 lncRNAs were upregulated (\>2-fold change) in septic AKI or non-AKI versus control groups, respectively ([Figure 1](#fig1){ref-type="fig"}B; [Tables S1](#mmc2){ref-type="supplementary-material"} and [S2](#mmc2){ref-type="supplementary-material"}). A total of 203 lncRNAs were co-upregulated in both septic AKI and non-AKI when compared to the control group ([Figure 1](#fig1){ref-type="fig"}B; [Table S3](#mmc2){ref-type="supplementary-material"}). As shown in [Figure 1](#fig1){ref-type="fig"}C, eleven co-upregulated lncRNAs increase by more than 50-fold in septic AKI versus the control group. Among these, TCONS_00016233 was the highest co-upregulated lncRNAs (218- and 98-fold change in septic AKI and non-AKI versus control, respectively). Quantitative real-time PCR (qRT-PCR) analysis confirmed that TCONS_00016233 was indeed induced in septic AKI and non-AKI patients when compared to healthy controls (2.25- and 1.3-fold change in septic AKI and non-AKI versus control, respectively; [Figure 1](#fig1){ref-type="fig"}D).Taken together, our data indicate an increased detection of TCONS_00016233 in the plasma of septic AKI and non-AKI patients.Table 1Summary of Baseline Physiology and Laboratory ValuesCharacteristicSeptic AKI (n = 15)Septic Non-AKI (n = 15)p ValueAge (years) (mean \[SD\])62.13 (15.72)52.73 (18.68)0.147Male sex (%)60.040.00.713Temperature (°C) (median \[IQR\])36.8 (36.2--38)38.1 (37.8--38.5)0.005Respiratory rate (times/min) (mean \[SD\])23.6 (5.44)26.33 (6.46)0.22Heart rate (beats/min) (mean \[SD\])110.2 (20.68)113.87 (10.78)0.548MAP (mmHg) (mean \[SD\])78.42 (18.93)81.22 (15.47)0.661PaO~2~ (mmHg) (mean \[SD\])92.13 (35.40)87.51 (43.98)0.75White cell count (10^9^/mL) (mean \[SD\])13.65 (3.06)14.01 (1.58)0.692Platelets (10^9^/mL) (mean \[SD\])75.47 (20.01)93.33 (31.05)0.073C-reactive protein (mg/L) (mean \[SD\])97.52 (26.47)110.97 (16.77)0.108Procalcitonin (ng/mL) (mean \[SD\])6.30 (3.25)4.71 (1.90)0.113Lactate (mM) (median \[IQR\])2.1 (1.2--5.7)1.3 (1.0--3.6)0.161Blood urea nitrogen (mM) (mean \[SD\])20.89 (4.83)7.05 (2.33)\<0.001Serum creatinine (μΜ) (mean \[SD\])229.03 (53.48)71.17 (24.66)\<0.001Activated partial thromboplastin time (s) (mean \[SD\])49.22 (9.05)46.65 (9.25)0.448Alanine aminotransferase (U/L) (mean \[SD\])83.61 (23.85)100.53 (35.76)0.138Total bilirubin (μΜ) (mean \[SD\])37.10 (9.58)31.96 (18.10)0.339Blood glucose (mM) (mean \[SD\])8.94 (2.47)6.96 (2.06)0.024SOFA score (mean \[SD\])7.00 (1.36)6.53 (1.30)0.346[^2]Figure 1The TCONS_00016233 Was Increased in Septic AKI and Non-AKI Patients(A) The lncRNA heatmap. (B) The changes amount of co-upregulation lncRNAs between (more than 2-fold changes) septic AKI or septic non-AKI versus control. (C) The name and fold changes of co-upregulation lncRNAs (more than 50-fold changes) between them. (D) qRT-PCR analysis of the expression levels of TCONS_00016233. Data are expressed as mean ± SD (n = 15 or 30). *\#*p \< 0.05, septic non-AKI or septic AKI versus control group; \*p \< 0.05, septic AKI group versus septic non-AKI.

TCONS_00016233 Was a Marker of AKI {#sec2.2}
----------------------------------

To assess whether TCONS_00016233 in the plasma could be considered as a diagnosis marker in septic AKI patients, we expanded the sample size to septic patients with AKI (n = 96), non-AKI (n = 96), and age-matched healthy individuals (n = 30) and further examined TCONS_00016233 expression. The clinical characteristics of the whole cohort of septic AKI and non-AKI patients (n = 96) are shown in [Table 2](#tbl2){ref-type="table"}. Absolute real-time PCR analysis indicated that the copy number of plasma TCONS_00016233 mildly increased in septic non-AKI patients when compared to the controls ([Figure 2](#fig2){ref-type="fig"}A). Interestingly, a more prominent, increased TCONS_00016233 expression was noticed in septic AKI patients ([Figure 2](#fig2){ref-type="fig"}A). To assess the diagnostic value of TCONS_00016233, receiver operating characteristic (ROC) curves were generated. As shown in [Figure 2](#fig2){ref-type="fig"}B, the area under the ROC curve (AUC) was found to be 0.894 (95% confidence interval, 0.852--0.936), with a sensitivity of 71.9% and specificity of 89.6%, at a higher cutoff value of 9.5 × 10^5^ copy number. TCONS_00016233 levels increased proportionally to the Kidney Disease: Improving Global Outcomes (KDIGO) staging of the patients ([Figure 2](#fig2){ref-type="fig"}C). The Spearman correlation coefficient indicated that the levels of plasma TCONS_00016233 were highly correlated with the expression of serum creatinine, TIMP-2, IGFBP7, C-reactive protein (CRP), interleukin-1β (IL-1β), and tumor necrosis factor α (TNF-α) (r = 0.769, 0.302, 0.590, 0.017, 0.181, and 0.311, respectively, p \< 0.001; [Figures 2](#fig2){ref-type="fig"}D--2F and 2I--2K). Finally, we verified that the increased levels of urinary TCONS_00016233 were consistent and highly correlated with the plasma TCONS_00016233 (r = 0.638, p \< 0.001; [Figures 2](#fig2){ref-type="fig"}G and 2H).These data reiterate the potential use of TCONS_00016233 as an early marker for AKI.Table 2Summary of Baseline Physiology and Laboratory ValuesCharacteristicSeptic AKI (n = 96)Septic Non-AKI (n = 96)p ValueAge (years) (mean \[SD\])59.53 (15.66)53.39 (16.55)0.009Male sex (%)57.3047.900.193Temperature (°C) (median \[IQR\])36.9 (36.5--37.7)37.45 (36.6--38.3)0.013Respiratory rate (times/min) (mean \[SD\])23.91 (6.047)23.01 (5.224)0.273Heart rate (beats/min) (mean \[SD\])101.95 (23.553)99.91 (19.851)0.517MAP (mmHg) (mean \[SD\])86.65 (23.22)84.85 (15.69)0.53PaO~2~ (mmHg) (mean \[SD\])89.42 (26.08)88.47 (32.69)0.824White cell count (10^9^/mL) (mean \[SD\])15.59 (10.46)13.98 (7.70)0.227Platelets (10^9^/mL) (mean \[SD\])132.04 (95.03)178.95 (129.327)0.005C-reactive protein (mg/L) (mean \[SD\])95.07 (104.05)101.77 (90.08)0.653Procalcitonin (ng/mL) (mean \[SD\])27.39 (37.74)8.48 (17.52)\<0.001Lactate (mM) (median \[IQR\])1.5 (1.1--3.4)1.2 (0.6--2.5)0.009Blood urea nitrogen (mM) (mean \[SD\])21.99 (9.58)9.96 (30.17)\<0.001Serum creatinine (μΜ) (mean \[SD\])343.23 (224.12)71.00 (24.60)\<0.001Activated partial thromboplastin time (s) (mean \[SD\])51.08 (22.10)43.42 (10.49)0.058Alanine aminotransferase (U/L) (mean \[SD\])213.53 (503.67)89.14 (120.7)0.02Total bilirubin (μΜ) (mean \[SD\])39.83 (64.66)24.23 (30.25)0.034Blood glucose (mM) (mean \[SD\])8.73 (4.62)8.76 (6.35)0.962SOFA score (mean \[SD\])7.8 (3.54)4.75 (2.33)\<0.001Figure 2The TCONS_00016233 Was a Diagnosis Marker of AKI(A) Absolute real-time PCR analysis of plasma TCONS_00016233. (B) Area under receiver-operator characteristic curve for diagnosis of septic AKI versus septic non-AKI for a peak plasma TCONS_00016233. (C) The expression of TCONS_00016233 in different stages of septic AKI. (D--F and I--K) The correlation analysis of TCONS_00016233 with creatinine (D), TIMP-2 (E), IGFBP7 (F), CRP (I), IL-1β (J), and TNF-α (K). (G) Absolute real-time PCR analysis of urinary TCONS_00016233. (H) The correlation analysis of plasma and urinary TCONS_00016233. Data are expressed as mean ± SD (n = 96). \#p \< 0.05, septic non-AKI or septic AKI versus control group or stages III or II of septic AKI versus stage I; \*p \< 0.05, septic AKI group versus septic non-AKI or stage III of septic AKI versus stage II.

TCONS_00016233 Is Induced in LPS-Treated Human Renal HK-2 Cells via TLR4/p38MAPK Axis {#sec2.3}
-------------------------------------------------------------------------------------

To verify whether major sepsis-related components could drive the induction of TCONS_00016233 in kidney cells, we treated an immortalized proximal human renal tubular epithelial cell line (HK-2) with bacterial lipopolysaccharides (LPS) and detected TCONS_00016233 by fluorescent *in situ* hybridization (FISH) analysis. The data indicate that TCONS_00016233 is located in the cytoplasm of HK-2 cells ([Figure 3](#fig3){ref-type="fig"}A). Moreover, qRT-PCR results show that TCONS_00016233 expression is induced after 12 h and 24 h of LPS treatment ([Figure 3](#fig3){ref-type="fig"}B). Furthermore, Toll-like receptor 4 (TLR4) small interfering RNA (siRNA) markedly suppressed the activation of p38 mitogen-activated protein kinase (MAPK) and the expression of TCONS_00016233 ([Figures 3](#fig3){ref-type="fig"}C--3E). In addition, inactivation of p38MAPK reduced the expression of TCONS_00016233 ([Figures 3](#fig3){ref-type="fig"}F--3H). Finally, the effect of TLR4 siRNA on LPS-induced expression of TCONS_00016233 was reversed by the p38MAPK agonist. Therefore, LPS may lead the expression of TCONS_00016233 in kidney cells via the TLR4/p38MAPK axis.Figure 3The TCONS_00016233 Was Induced by LPSHK-2 cells were treated with 50 μg/mL LPS, with or without TLR4 siRNA, p38MAPK agonist, or inhibitor. (A) RNA-FISH detection of intracellular localization of TCONS_00016233 in HK-2 cells. (B) qRT-PCR analysis of the expression levels of TCONS_00016233. (C) Immunoblot of phospho-p38 (p-p38)MAPK, p38MAPK, TLR4, and GAPDH. (D) Densitometric analysis of immunoblot bands. (E) qRT-PCR analysis of the expression levels of TCONS_00016233. (F) Immunoblot of p-p38MAPK, p38MAPK, and GAPDH. (G) Densitometric analysis of immunoblot bands. (H) qRT-PCR analysis of the expression levels of TCONS_00016233. (I) Immunoblot of p-p38MAPK, p38MAPK, TLR4, and GAPDH. (J) Densitometric analysis of immunoblot bands. (K) qRT-PCR analysis of the expression levels of TCONS_00016233. Data are expressed as mean ± SD (n = 6). \#p \< 0.05, LPS at 12 h and 24 h groups versus control group. \*p \< 0.05, LPS/TLR4 siRNA, p38MAPK inhibitor/LPS, or LPS/TLR siRNA/p38MAPK agonist versus LPS/scramble group. Δp \> 0.05, LPS/TLR siRNA/p38MAPK agonist versus LPS/scramble group.

Knockdown of TCONS_00016233 Expression Ameliorated LPS-Induced Renal Cell Apoptosis {#sec2.4}
-----------------------------------------------------------------------------------

Apoptosis has an important role in septic AKI.[@bib15] So, we investigated whether TCONS_00016233 might be involved in LPS-induced renal cell apoptosis. qRT-PCR analysis has showed that LPS-induced TCONS_00016233 expression in HK-2 cells was markedly suppressed by transient gene silencing using TCONS_00016233 siRNA ([Figure 4](#fig4){ref-type="fig"}A). Additionally, flow cytometry (FCM) results indicate that TCONS_00016233 gene silencing notably inhibits the LPS-induced apoptosis of siRNA-transfected HK-2 cells ([Figures 4](#fig4){ref-type="fig"}B and 4C). Consistently, immunoblot analysis shows that the siRNA-mediated TCONS_00016233 knockdown significantly reduced LPS-induced accumulation of cleaved caspase-3 ([Figures 4](#fig4){ref-type="fig"}D and 4E). These data suggest that TCONS_00016233 can mediate LPS-induced apoptosis *in vitro*.Figure 4LPS-Induced HK-2 Cell Apoptosis Was Attenuated by siRNA of TCONS_00016233HK-2 cells were transfected with 50 nM TCONS_00016233 siRNA or scramble and then treated with or without 50 μg/mL LPS for 24 h. (A) qRT-PCR analysis of the expression levels of TCONS_00016233. (B and C) FCM analysis of HK-2 cell apoptosis. (D) Immunoblot analysis of cleaved caspase-3 and caspase-3. (E) Densitometric analysis of immunoblot bands. Data are expressed as mean ± SD (n = 6). \#p \< 0.05, scramble with LPS or TCONS_00016233 siRNA group versus scramble with saline group; \*p \< 0.05, TCONS_00016233 siRNA with LPS group versus scramble with LPS group.

Overexpression of TCONS_00016233 Aggravates LPS-Induced Renal Cell Apoptosis and the Expression of IL-1β and TNF-α {#sec2.5}
------------------------------------------------------------------------------------------------------------------

To verify whether increased TCONS_00016233 levels would also impact LPS-induced apoptosis *in vitro*, a TCONS_00016233 expression vector was transfected into HK-2 cells for further functional analyses. qRT-PCR analysis showed that LPS-induced TCONS_00016233 expression can be further enhanced by TCONS_00016233 overexpression in HK-2 cells ([Figure 5](#fig5){ref-type="fig"}A). Moreover, FCM results reiterated that TCONS_00016233 overexpression markedly aggravates LPS-induced renal cell apoptosis in HK-2 cells ([Figures 5](#fig5){ref-type="fig"}B and 5C). Consistently, immunoblot analysis demonstrated that TCONS_00016233 overexpression can markedly augment LPS-caused accumulation of the cleaved caspase-3 protein ([Figures 5](#fig5){ref-type="fig"}D and 5E). Finally, overexpression of TCONS_00016233 enhances LPS-induced expression of IL-1β and TNF-α ([Figures 5](#fig5){ref-type="fig"}F--5I). These data agree with previous knockdown experiments, supporting the notion that TCONS_00016233 acts as an apoptotic and inflammation inducer in LPS-treated HK-2 cells.Figure 5LPS-Induced HK-2 Cell Apoptosis Was Enhanced by Overexpression of TCONS_00016233HK-2 cells were transfected with TCONS_00016233 plasmid or control and then treated with or without 50 μg/mL LPS for 24 h. (A) qRT-PCR analysis of the expression levels of TCONS_00016233. (B and C) FCM analysis of HK-2 cell apoptosis. (D) Immunoblot analysis of cleaved caspase-3 and caspase-3. (E) Densitometric analysis of immunoblot bands. (F and G) qRT-PCR analysis of the expression levels of IL-1β and TNF-α. (H) Immunoblot analysis of the expression levels of IL-1β and TNF-α. (I[)]{.ul} Densitometric analysis of [i]{.ul}mmunoblot bands. Data are expressed as mean ± SD (n = 6). \#p \< 0.05, scramble with LPS or TCONS_00016233 group versus scramble with saline group; \*p \< 0.05, TCONS_00016233 with LPS group versus scramble with LPS group.

TCONS_00016233 Inhibited the Expression and Activity of miR-22-3p {#sec2.6}
-----------------------------------------------------------------

Typically, lncRNAs act as competitive endogenous RNAs (ceRNAs) and sponge miRNAs. To examine which miRNAs would be potentially modulated by TCONS_00016233, we performed a target-prediction analysis *in silico* (using RegRNA 2.0 software). The prediction results indicated that the 3′ sequence of TCONS_00016233 contained an miR-22-3p binding site ([Figure 6](#fig6){ref-type="fig"}A). Functional analysis, based on a luciferase reporter gene assay, indicates that a miR-22-3p mimic can markedly suppress the luciferase activity of TCONS_00016233-wild-type (WT) but not TCONS_00016233-mutant (MUT) ([Figure 6](#fig6){ref-type="fig"}B). Indeed, colocalization analysis indicated that TCONS_00016233 may interact with miR-22-3p in the cytosolic compartment of both untreated and LPS-stimulated HK-2 cells ([Figure 6](#fig6){ref-type="fig"}C). Furthermore, in sham mice, the FISH data only detected the expression of miR-22-3p but not TCONS_00016233, which confirmed that high conservation of TCONS_00016233 is not expressed in mice. In *in vivo* injection of TCONS_00016233 expressing vector mice, FISH analysis detected that exogenous TCONS_00016233 interacts with endogenous miR-22-3p in the cytosol of tubular kidney cells of LPS- or CLP-induced AKI in mice ([Figure 6](#fig6){ref-type="fig"}D). LPS-mediated expression inhibition of miR-22-3p is reversed by TCONS_00016233 knockdown, but contrarily, TCONS_00016233 overexpression reinforced this effect ([Figures 6](#fig6){ref-type="fig"}E and 6F). Taken together, these data demonstrate that miR-22-3p is a direct target of TCONS_00016233.Figure 6TCONS_00016233 Directly Bound to miR-22-3p(A) Sequence alignment analysis showed that TCONS_00016233 contained the complementary chain with miR-22-3p. (B) Detection of luciferase activities after cotransfection with TCONS_00016233-WT or TCONS_00016233-MUT and miR-22-3p or scramble. (C and D) Intracellular colocalization of TCONS_00016233 and miR-22-3p in HK-2 cells treated with or without LPS treatment and kidney samples from a LPS- or CLP-induced AKI model. (E and F) qRT-PCR analysis of TCONS_00016233 expression. \#p \< 0.05, scramble with LPS group versus scramble with saline group; \*p \< 0.05, TCONS_00016233 siRNA or TCONS_00016233 with LPS group versus scramble with LPS group.

miR-22-3p Mimic Attenuates LPS-Induced Renal Cell Apoptosis {#sec2.7}
-----------------------------------------------------------

It has been demonstrated that miR-22-3p has an anti-apoptosis role in several tumor cells lines.[@bib16] However, the role of miR-22-3p in LPS-induced renal cell apoptosis remains unclear. qRT-PCR results indicate that the miR-22-3p mimic can, in fact, increase the levels of miR-22-3p in HK-2 cells, treated or not with LPS ([Figure 7](#fig7){ref-type="fig"}A). FCM results indicate that the miR-22-3p mimic suppresses LPS-induced renal cell apoptosis in HK-2 cells ([Figures 7](#fig7){ref-type="fig"}B and 7C). Consistently, immunoblot assays demonstrated that the miR-22-3p mimic significantly inhibits LPS-induced accumulation of the cleaved caspase-3 ([Figures 7](#fig7){ref-type="fig"}D and 7E). Therefore, these results indicate that miR-22-3p can protect HK-2 cells against LPS-induced apoptosis.Figure 7LPS-Induced HK-2 Cell Apoptosis Was Attenuated by miR-22-3p MimicsHK-2 cells were transfected with 100 nM miR-22-3p mimics or scramble and then treated with or without 50 μg/mL LPS for 24 h. (A) qRT-PCR analysis of miR-22-3p expression. (B and C) FCM analysis of HK-2 cell apoptosis. (D) Immunoblot analysis of cleaved caspase-3 and caspase-3. (E) Densitometric analysis of immunoblot bands. Data are expressed as mean ± SD (n = 6). *\#*p \< 0.05, scramble with LPS group versus scramble with saline group; \*p \< 0.05, miR-22-3p mimics with LPS versus scramble with LPS group.

AIFM1 Is a Direct miR-22-3p Target Gene and Mediates LPS-Induced Renal Cell Apoptosis {#sec2.8}
-------------------------------------------------------------------------------------

Recent studies have reported that apoptosis-inducing factor mitochondrion-associated 1 (AIFM1) protein can stimulate apoptosis in hepatoma cells.[@bib17] By performing computational analysis (using the miRBase database), we have predicted that AIFM1 is a putative miR-22-3p target gene ([Figure 8](#fig8){ref-type="fig"}A). In fact, reporter assays here demonstrate that the miR-22-3p mimic suppresses the luciferase activity of AIFM1-WT but not AIFM1-MUT ([Figure 8](#fig8){ref-type="fig"}B). qRT-PCR and immunoblot results show that the miR-22-3p mimic significantly decreases AIFM1 mRNA and protein levels ([Figures 8](#fig8){ref-type="fig"}C and 8D). FCM results indicate that AIFM1 knockdown markedly suppresses LPS-induced renal cell apoptosis in HK-2 cells ([Figures 8](#fig8){ref-type="fig"}E and 8F). Immunoblot results demonstrated that silencing of AIFM1 expression can notably suppress LPS-induced accumulation of the cleaved caspase-3 ([Figures 8](#fig8){ref-type="fig"}G and 8H). Altogether, these data demonstrate that AIFM1 might be a direct target gene of miR-22-3p.Figure 8AIFM1 Was Identified As a Target Gene of miR-22-3p and Mediates the Renal Cell ApoptosisHK-2 cells were transfected with 100 nM miR-22-3p mimics or siRNA AIFM1 or scramble and then treated with or without 50 μg/mL LPS for 24 h. (A) Putative miR-22-3p complementary binding sites in the 3′ UTR of human AIFM1 mRNA. (B) Measurement of luciferase activities after cotransfection with the 3′ UTR luciferase reporter vector of human WT- or MUT-AIFM1 and miR-22-3p or miR-negative control (NC). (C and D) The qRT-PCR and western blot analysis of AIFM1 and GAPDH. (E and F) FCM analysis of HK-2 cell apoptosis. (G) Immunoblot analysis of cleaved caspase-3, caspase-3, and AIFM1. (H) Densitometric analysis of immunoblot bands. Data are expressed as mean ± SD (n = 6). \#p \< 0.05, scramble with LPS group versus scramble with saline group; \*p \< 0.05, AIFM1 siRNA with LPS versus scramble with LPS group or AIFM1 3′ UTR WT plus miR-22-3p mimics versus other groups.

miR-22-3p Mediates the Proapoptosis Effects of TCONS_00016233 {#sec2.9}
-------------------------------------------------------------

We further evaluated whether miR-22-3p could mediate the proapoptotic effects of TCONS_00016233 in LPS-treated HK-2 cells. Both transfection efficiency of TCONS_00016233 siRNA and treatment with the miR-22-3p inhibitor *in vitro* were validated by qRT-PCR ([Figures 9](#fig9){ref-type="fig"}A and 9B). FCM analysis demonstrated that TCONS_00016233 knockdown is able to attenuate LPS-induced renal cell apoptosis, and this effect could be reversed with miR-22-3p inhibitor treatment ([Figures 9](#fig9){ref-type="fig"}C and 9D). Immunoblot analysis of cleaved caspase-3 and AIFM1 further supported the FCM findings and confirmed a potential apoptosis-related mechanism ([Figures 9](#fig9){ref-type="fig"}E and 9F). These data further confirm that TCONS_00016233 mediated the LPS-induced renal cell apoptosis by targeting the miR-22-3p/AIFM1 axis.Figure 9Inhibition of TCONS_00016233 Attenuated the LPS-Induced HK-2 Cell Apoptosis, Which Was Reversed by the miR-22-3p InhibitorHK-2 cells were cotransfected with TCONS_00016233 (100 nM) and anti-miR-22-3p or scramble and then treated with LPS for 24 h. (A and B) qRT-PCR analysis of the expression levels of TCONS_00016233 and miR-22-3p. (C and D) FCM analysis of HK-2 cell apoptosis. (E) Immunoblot analysis of cleaved caspase-3 and caspase-3. (F) Densitometric analysis of immunoblot bands. Data are expressed as mean ± SD (n = 6). \#p \< 0.05, scramble or TCONS_00016233 siRNA with LPS group versus scramble group; \*p \< 0.05, TCONS_00016233 siRNA plus anti-miR-22-3p with LPS group versus TCONS_00016233 siRNA with LPS group.

TCONS_00016233 Overexpression Aggravates LPS-Induced AKI *In Vivo* by Targeting the miR-22-3p/AIFM1 Axis {#sec2.10}
--------------------------------------------------------------------------------------------------------

To better elucidate the function of TCONS_00016233 in septic AKI, C57BL/6J mice were pretreated with the TCONS_00016233-expressing vector via tail vein for 12 h and then injected with LPS for a further 24 h. The renal function results indicated that overexpression of TCONS_00016233 markedly increases the LPS-induced levels of blood urea nitrogen (BUN) and creatinine ([Figures 10](#fig10){ref-type="fig"}A and 10B). Hematoxylin and eosin (H&E) staining indicated that overexpression of TCONS_00016233 can enhance LPS-induced tubular damage in the cortex and outer stripe of outer medulla (OSOM) of mice kidney ([Figures 10](#fig10){ref-type="fig"}C and 10D). The FISH analysis demonstrated that TCONS_00016233 was mainly expressed in the tubular cells of kidney after LPS with injection of TCONS_00016233 ([Figure S4](#mmc1){ref-type="supplementary-material"}A). These observations were quantified as tubular damage scores ([Figures 10](#fig10){ref-type="fig"}F and 10G). TUNEL staining indicated that TCONS_00016233 overexpression enhances the tubular cell apoptosis caused by LPS ([Figures 10](#fig10){ref-type="fig"}E--10H). qRT-PCR was performed to validate the delivery of ectopic TCONS_00016233 into the mice kidney, with or without the LPS treatment group ([Figure S1](#mmc1){ref-type="supplementary-material"}A). This overexpression further enhanced the LPS-induced suppression of miR-22-3p ([Figure S1](#mmc1){ref-type="supplementary-material"}B). The expression of cleaved caspase-3 and AIFM1 was induced by LPS, which was further synergized by TCONS_00016233 overexpression ([Figures S1](#mmc1){ref-type="supplementary-material"}C and S1D). Finally, the immunoblot and qRT-PCR analysis demonstrated that overexpression of TCONS_00016233 enhanced LPS-induced expression of IL-1β and TNF-α ([Figures S1](#mmc1){ref-type="supplementary-material"}E--S1H). These data support the hypothesis that TCONS_00016233 is involved in the progression of LPS-induced AKI.Figure 10LPS-Induced AKI Was Aggravated by the Overexpression of TCONS_00016233 in Male C57BL/6 MiceC57BL/6J mice were pretreated with the TCONS_00016233 plasmid via tail vein for 12 h and then injected with 10 mg/kg LPS for 24 h saline as control. (A and B) Blood serum was obtained for detection of nitrogen (BUN) (A) and creatinine (B) concentration. (C--E) The sections of kidney (cortex in C and OSOM in D) were stained with hematoxylin and eosin (H&E) and TUNEL (E). (F and G) Tubular damage scores of kidney cortex (F) and OSOM (G). (H) Counting of TUNEL-positive cells. Data are expressed as mean ± SD (n = 6). \#p \< 0.05, control with LPS group versus saline group; \*p \< 0.05, TCONS_00016233 plasmid with LPS group versus control with LPS group. Original magnification, ×200.

TCONS_00016233 Overexpression Exacerbates CLP-Induced AKI *In Vivo* by Targeting the miR-22-3p/AIFM1 Axis {#sec2.11}
---------------------------------------------------------------------------------------------------------

To confirm the findings of LPS-induced AKI *in vivo*, an additional mouse model was used. C57BL/6J mice were preinjected with the TCONS_00016233 plasmid via tail vein for 12 h and then subjected to CLP for 18 h. A biochemical evaluation of renal function indicated that TCONS_00016233 overexpression largely increased CLP-induced levels of both BUN and creatinine ([Figures S2](#mmc1){ref-type="supplementary-material"}A and S2B). H&E staining indicated that overexpression of TCONS_00016233 also exacerbated CLP-induced tubular damage in the cortex and OSOM of mice kidney ([Figures S2](#mmc1){ref-type="supplementary-material"}C and S2D), which was consistent with the tubular damage scores ([Figures S2](#mmc1){ref-type="supplementary-material"}F and S2G). TUNEL staining results indicated that overexpression of TCONS_00016233 increased CLP-induced tubular cell apoptosis ([Figures S2](#mmc1){ref-type="supplementary-material"}E--S2H). The FISH analysis demonstrated that TCONS_00016233 was mainly expressed in the tubular cells of the kidney after CLP with injection of TCONS_00016233 ([Figure S4](#mmc1){ref-type="supplementary-material"}B). The qRT-PCR data indicated that transfection of TCONS_00016233 can enhance the CLP-mediated suppression of miR-22-3p ([Figures S3](#mmc1){ref-type="supplementary-material"}A and S3B). Immunoblot analysis showed that CLP can upregulate the expression levels of cleaved caspase-3 and AIFM1, which were further enhanced by TCONS_00016233 overexpression ([Figures S3](#mmc1){ref-type="supplementary-material"}C and S3D). Finally, the immunoblot and qRT-PCR analysis demonstrated that overexpression of TCONS_00016233 enhanced CLP-induced expression of IL-1β and TNF-α ([Figures S1](#mmc1){ref-type="supplementary-material"}E--S1H). These conclusive data further confirmed that TCONS_00016233 can mediate the CLP-dependent AKI progression.

Discussion {#sec3}
==========

Here, we demonstrate for the first time that TCONS_00016233 is consistently elevated in septic AKI and non-AKI patients, and this peculiar lncRNA has a potential diagnosis value for septic AKI patients. In fact, inhibition of TCONS_00016233 ameliorated the renal cell apoptosis caused by LPS in HK-2 cells. Mechanistically, TCONS_00016233 acts as a ceRNA to prevent miR-22-3p-mediated downregulation of AIFM1 ([Figure S5](#mmc1){ref-type="supplementary-material"}). Finally, overexpression of TCONS_00016233 can aggravate both LPS- and CLP-induced AKI via targeting the miR-22-3p/AIFM1 axis ([Figures 10](#fig10){ref-type="fig"}, [S1](#mmc1){ref-type="supplementary-material"}, [S2](#mmc1){ref-type="supplementary-material"}, and [S3](#mmc1){ref-type="supplementary-material"}). Collectively, these findings demonstrate that TCONS_00016233 is a putative new marker of septic AKI, which may also modulate the progression of septic AKI.

Recent reports have examined the changes of lncRNAs in sepsis AKI and non-AKI patients.[@bib13]^,^[@bib14] In our current study, we have precisely demonstrated that 203 lncRNAs are coregulated in sepsis patients. Among these, TCONS_00016233 was the most co-upregulated lncRNA in septic AKI ([Figure 1](#fig1){ref-type="fig"}; [Table S1](#mmc2){ref-type="supplementary-material"}).The following series of evidences supported the notion that TCONS_00016233 might be an early, new marker of septic AKI. First, absolute quantitative PCR (qPCR) data were able to validate the finding of the lncRNA chip assay and qRT-PCR in and expanded sample size ([Figure 2](#fig2){ref-type="fig"}A). Second, plasma TCONS_00016233 was elevated in sepsis non-AKI patients, but a higher cutoff threshold (9.5 × 10^5^ copy number) provided a sensitivity of 71.9% and specificity of 89.6% for its detection in septic AKI ([Figure 2](#fig2){ref-type="fig"}B). Third, plasma TCONS_00016233 was not only highly correlated with serum creatinine (a traditional diagnostic indicator of renal injury) but also with TIMP-2 and IGFBP7, both US Food and Drug Administration (FDA)-approved diagnostic indicators for septic AKI and CRP, IL-1β, and TNF-α ([Figures 2](#fig2){ref-type="fig"}C--2E and 2I--2K).[@bib18], [@bib19], [@bib20], [@bib21] Finally, the expression of urinary TCONS_00016233 was consistent and highly correlated with the levels of TCONS_00016233 in the plasma ([Figures 2](#fig2){ref-type="fig"}F and 2G). However, current data might be expanded and revalidated using a larger number of patients.

Several studies have reported that lncRNAs can be involved in the progression of septic AKI.[@bib22], [@bib23], [@bib24], [@bib25], [@bib26] For instance, the lncRNAs HOTAIR and TUG1 have shown a renoprotective role in septic AKI.[@bib23]^,^[@bib24] Contrarily, other lncRNAs, like NEAT1 and PVT1, have an apparent opposing role in septic AKI.[@bib22]^,^[@bib25] In the current study, we discovered that TCONS_00016233 is markedly induced by LPS via the TLR4/p38MAPK axis and located in the cytoplasm of HK-2 cells ([Figure 3](#fig3){ref-type="fig"}). Second, knockdown of TCONS_00016233 expression attenuated the LPS-induced renal cell apoptosis and the activation of caspase-3 ([Figure 4](#fig4){ref-type="fig"}). On the other hand, TCONS_00016233 overexpression was able to exacerbate these effects, accompanied by the increasing of IL-1β and TNF-α ([Figure 5](#fig5){ref-type="fig"}). Moreover, overexpression of TCONS_00016233 exacerbated the LPS- and CLP-induced AKI, as demonstrated by the deterioration of renal function, aggravation of renal tubular damage, as well as increasing renal cell apoptosis ([Figures 10](#fig10){ref-type="fig"} and [S2](#mmc1){ref-type="supplementary-material"}). Altogether, the data suggest that TCONS_00016233 plays an injury-related role during septic AKI.

lncRNAs can possibly function as ceRNAs to regulate targeted mRNA expression.[@bib27], [@bib28], [@bib29] We predicted that miR-22-3p could directly bind to TCONS_00016233 ([Figure 6](#fig6){ref-type="fig"}A). To strengthen this hypothesis, a number of experiments were performed. First, dual-luciferase reporter assays demonstrated that miR-22-3p directly binds to TCONS_00016233 ([Figure 6](#fig6){ref-type="fig"}B). Second, RNA-FISH colocalization assays indicated that TCONS_00016233 interacts with miR-22-3p both *in vitro* and *in vivo* ([Figures 6](#fig6){ref-type="fig"}C and 6D). Finally, qRT-PCR data confirmed that LPS induces the expression of miR-22-3p, and this expression could be synergized by TCONS_00016233 overexpression or reversed by TCONS_00016233 silencing ([Figures 6](#fig6){ref-type="fig"}E and 6F). Collectively, these data strongly suggest that miR-22-3p is a direct target of TCONS_00016233.

So far, only one study has demonstrated that miR-22-3p has an anti-apoptotic role.[@bib16] Still, a putative role in LPS-induced renal cell apoptosis was still unknown. In the present study, FCM analysis and immunoblot of cleaved caspase-3 demonstrated that miR-22-3p mimics notably suppressed the LPS-induced renal cell apoptosis *in vitro* ([Figure 7](#fig7){ref-type="fig"}). We further suggested that miR-22-3p could directly bind to AIFM1([Figures 8](#fig8){ref-type="fig"}A and 8B). qRT-PCR and immunoblot results further indicated that, in fact, miR-22-3p mimics suppress mRNA levels and protein expression of AIFM1, respectively ([Figures 8](#fig8){ref-type="fig"}C and 8D). Previous studies indicate that AIFM1 can mediate hepatoma cell apoptosis,[@bib15] which is consistent with our current findings, where AIFM1 knockdown significantly ameliorated LPS-induced renal cell apoptosis and caspase-3 activation *in vitro* ([Figures 8](#fig8){ref-type="fig"}E--8H). Here, a number of evidences supported that miR-22-3p/AIFM1 can mediate LPS-induced renal cell apoptosis. First, knockdown of TCONS_00016233 expression attenuates LPS-induced renal cell apoptosis, and this effect is diminished by the inhibition of miR-22-3p to increase AIFM1 ([Figure 9](#fig9){ref-type="fig"}). In addition, overexpression of TCONS_00016233 aggravates LPS- and CLP-induced AKI by targeting miR-22-3p/AIFM1 axis and upregulation of IL-1β and TNF-α ([Figures S1](#mmc1){ref-type="supplementary-material"} and [S3](#mmc1){ref-type="supplementary-material"}). Taken together, these data suggest that TCONS_00016233 promotes LPS-induced renal cell apoptosis by regulating the miR-22-3p/AIFM1 axis.

In conclusion, here, we found that plasma TCONS_00016233 has high sensitivity and specificity for the diagnosis of septic AKI. TCONS_00016233 mediates LPS-induced renal cell apoptosis *in vitro*. For this, it directly binds to miR-22-3p to increase AIFM1 expression, leading to renal cell apoptosis. Overexpression of TCONS_00016233 aggravates both LPS- and CLP-induced AKI *in vivo* via targeting the miR-22-3p/AIFM1 axis. Collectively, our data suggest that TCONS_00016233 has the potential to act as a reliable biomarker for septic AKI and may also serve as a novel therapeutic target for septic AKI.

Materials and Methods {#sec4}
=====================

Antibodies and Reagents {#sec4.1}
-----------------------

AIFM1 (Cat. No. 17984-1-AP) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Cat. No. 10494-1-AP) were purchased from Proteintech North America (Rosemont, IL, USA). Caspase-3 (Cat. No. 9662S) and cleaved caspase-3 (Cat. No. 9661) were obtained from Cell Signaling Technology (Danvers, MA, USA). Luciferase assay kit was purchased from BioVision (Milpitas, CA, USA). The fluorescein isothiocyanate (FITC) Annexin V Apoptosis Detection Kit I (Cat. No. 556547) was obtained from BD Pharmingen (Franklin, NJ, USA). p38 MAPK inhibitor (Cat. \#HY-10256/CS-0140) and p38MAPK agonist (Cat. \#HY-N0674A/CS-6061) were purchased from MedChemExpress USA (Deer Park, NJ, USA). Antibody TNF-α (17590-1-AP), IL-1β (16806-1-AP), and TLR4 (19811-1-AP) were from Proteintech North America (Rosemont, IL, USA). p38MAPK (ab31828) was from Abcam (Cambridge, MA, USA). Phospho-p38MAPK (Cat. \#4511s) was from Cell Signaling Technology (Danvers, MA, USA). An ELISA kit for IL-1β (ab100562), TNF-α (ab181421), TIMP-2 (Cat. No. DTM200), and IGFBP7 (Cat. No. DY1334-05) was purchased from R&D Systems (Minneapolis, MN, USA).

Cell Culture and Treatments {#sec4.2}
---------------------------

HK-2 cells were cultured in DMEM (Sigma-Aldrich), supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin (10,000 U/mL and 10,000 g/mL, respectively), and incubated at 37°C under a humidified atmosphere of 5% CO~2~. HK-2 cells were treated with saline or LPS (50 μg/mL) for 24 h. For gene-silencing procedures, cells were transfected with miR-22-3p antagomir (100 nM), miR-22-3p mimic (100 nM), TCONS_00016233 siRNA (100 nM), AIFM1 siRNA (100 nM), or negative control (Ruibo, Guangzhou, China) using Lipofectamine 2000 (Life Technologies, Carlsbad, CA, USA).

Human Samples {#sec4.3}
-------------

The research protocol was approved by the Second Xiangya Hospital Review Board, The People's Republic of China Hospital. Written, informed consent was gotten from all individual participants. Sepsis was defined according to consensus guidelines.[@bib30] AKI was defined according to the KDIGO criteria.[@bib31] Human blood and urine samples from healthy volunteers (n = 30), sepsis patients with AKI (n = 96), and sepsis patients without AKI (n = 96) were collected accordingly. Blood samples were centrifuged to obtain plasma or serum and then stored at **−**80°C.

Luciferase Reporter Assays {#sec4.4}
--------------------------

The microRNA (miRNA) activity was evaluated via the insertion of miRNA target sites at the 3′ end of the firefly luciferase gene (luc2) using the pmirGLO dual-luciferase miRNA target expression vector (Promega, Madison, WI, USA). The luciferase vectors for TCONS_00016233 (WT-Luc-TCONS_00016233) and AIFM1-3′ UTR (WT-Luc-AIFM1) contained, respectively, responsive elements of TCONS_00016233 and AIFM1 interaction with miR-22-3p. The mutated plasmids for TCONS_00016233 (MUT-Luc-TCONS_00016233) and AIFM1 (MUT-Luc-AIFM1) lacked these responsive elements. pGMLR-TK luciferase vector expressing Renilla luciferase (RLuc) was used as an internal control. All plasmids were engineered by RuQi Biotechnology (Guanzhou, Guandong, China).

To perform the assay, the pGMLR-TK plasmid was cotransfected with WT-Luc-TCONS_00016233 or MUT-Luc-TCONS_00016233, with or without miR-22-3p mimics, in HK-2 cells. After 48 h of transfection, the luciferase reporter assay was carried out as previously described.[@bib29]^,^[@bib32]^,^[@bib33] A SpectraMax M5 (Molecular Devices, Sunnyvale, CA, USA) was used to examine the gene reporter activity and normalized by the RLuc signal.

Animal Models {#sec4.5}
-------------

C57BL/6J mice (male, aged 10--12 weeks) were preinjected with TCONS_00016233 or control-expressing vectors via tail vein (25 μg of DNA per injection) and then injected intraperitoneally with lipopolysaccharides (LPS) at a dose of 10 mg/kg. Alternatively, animals were subjected to CLP to induce AKI, according to that previously described.[@bib34] The saline injection or sham operation was considered as a control group. 24 h after LPS treatment or 18 h following CLP treatment, renal tissues were collected for renal function and morphology analyses. Animal experiments were performed in strict accordance with the recommendations of the Institutional Committee for the Care and Use of Laboratory Animals of Second Xiangya Hospital (China). All animals were allowed free access to food and water at any time and housed on a 12-h light/dark cycle.

Renal Function, Morphological Studies, and Apoptosis {#sec4.6}
----------------------------------------------------

The levels of BUN and creatinine were evaluated as previously described.[@bib35] Experimental procedures followed the manufacturer's protocol (Nanjing Jiancheng Bioengineering Institute, Jiangsu, China). To assess the degree of tissue damage, H&E staining was performed accordingly.[@bib36], [@bib37], [@bib38], [@bib39] TUNEL staining was also utilized to detect renal cell apoptosis and quantified by counting the percentage of positive staining cells, according to the previous study.[@bib37] An Olympus microscope equipped with UV epi-illumination was used to analyze the stained samples. FCM procedures were carried out according to the manufacturer's protocol.

lncRNA Microarray {#sec4.7}
-----------------

lncRNA and mRNA transcriptome analyses were carried out using the Arraystar Human LncRNA V3.0 microarray (KangChen Bio-tech, Shanghai, China), which contained 30,586 lncRNAs and 26,109 coding transcripts .Scanning was performed with an AxonGenePix 4000B microarray scanner. GenePix Pro v6.0 was used to read the raw image intensity.

Relative and Absolute qPCR {#sec4.8}
--------------------------

Trizol Reagent (Invitrogen, Carlsbad, CA, USA) was applied to extract total RNA from plasma, HK-2 cells, and kidney of C57BL/6J mice, in accordance with the manufacturer's procedure. Total RNA (40 ng) was reverse transcribed using Moloney Murine Leukemia Virus (M-MLV) Reverse Transcriptase (Invitrogen). Real-time qPCR was carried out to detect the expression levels of miRNA, mRNA, and lncRNA using Bio-Rad (Hercules, CA, USA) iQ SYBR Green Supermix with Opticon (MJ Research, Waltham, MA, USA), according to the manufacturer's protocol. The sequences of TCONS_00016233 and miR-22-3p were retrieved from the GenBank database (GenBank: [NC_000009.12](ncbi-n:NC_000009.12){#intref0010} and 407004, respectively). The primers used were as follows: TCONS_00016233: 5′-CAGAGCAAGGGAACAGTAAGTGTGT-3′ (forward) and 5′-GGAGGTCACTTCCGATCCA-3′ (reverse); miR-22-3p: 5′-GCGAAGCTGCCAGTTGAAG-3′ (forward) and 5′-AGTGCAGGGTCCGAGGTATT-3′ (reverse); and GAPDH: 5′-GGTCTCCTCTGACTTCACA-3′ (forward) and 5′-GTGAGGGTCTCTCTCTTCCT-3′ (reverse). U6 primers were described previously.[@bib40] For the absolute quantitative real-time PCR, the standard control sequence of TCONS_00016233(5′-CAGAGCAAGGGAACAGTAAGTGTGTCCTGGAGGCGCTCGCCATGCACTCACACGCCATCTGTGGATTCGGAAGTGACCTCC-3′) was used, which was cloned into the pUC57 plasmid. The sequence of the probe of TCONS_00016233 was used as follows: 5′-TCGCCATGCACTCACACGCCAT-3′. ΔCt values were used to perform the relative quantification. The absolute quantification was carried out according to a standard curve.

Immunoblot Analysis {#sec4.9}
-------------------

Equal amounts of proteins were resolved by SDS-PAGE and then transferred to a nitrocellulose membrane (Amersham, Buckinghamshire, UK).[@bib34]^,^[@bib35]^,^[@bib40], [@bib41], [@bib42] Respective blots were subsequently probed with primary antibodies against AIFM1, caspase-3, cleaved caspase-3, and GAPDH, followed by incubation with secondary antibody and detection reagents. GAPDH was used as an internal loading control.

FISH {#sec4.10}
----

The fluorescence probes of TCONS_00016233 (5′-TCGCCATGCACTCACACGCCAT-3′) and miR-22-3p (5′-ACAGUUCUUCAACUGGCAGCUU-3′) were synthesized by Ruibo (Guangzhou, China). To detect in HK-2 cells, nuclei was stained with 4′,6-diamidino-2-phenylindole (DAPI), U6 (nucleus positive), and 18S rRNA (cytoplasmic positive), and TCONS_00016233 was labeled by CY3. Briefly, the slides of HK-2 cells and mice kidney were hybridized overnight with respective probes and subsequently stained with DAPI. A laser-scanning confocal microscope was used for fluorescence imaging analysis.

Statistical Analyses {#sec4.11}
--------------------

Two-tailed Student's t tests were used for comparing the difference between two groups. One-way ANOVA was performed for multiple group comparison. The χ^2^ test was used to compare the categorical variables. Quantitative data were expressed as mean ± standard deviation (SD). The Spearman rank correlation coefficient was used to assess the correlations between variables. To evaluate the diagnostic value of lncRNAs, ROC curves were produced, and the AUCs were counted. All statistical analyses were performed with the SPSS package (SPSS) and GraphPad Prism software (GraphPad Prism Software). p \< 0.05 was considered statistically significant.
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